Abstract: Hybridization in the wild between broadly sympatric species has been reported for 13 species of African primates. Three guenons, believed to be Sykes's monkey Cercopithecus mitis × vervet monkey Chlorocebus pygerythrus hybrids, are of hybridization between these broadly sympatric species, as well as between these genera. Most of the phenotypic characters of these hybrids are intermediate between the parent species. This paper (1) describes these hybrids and the environments in which genetic barriers and facilitate hybridization; and (6) suggests topics for research on the ecology, behavior, and evolutionary sig
Introduction
Natural hybridization is increasingly recognized as potentially playing an important function in the evolution Jolly et al. 1997; Allendorf et al. 2001; Barton 2001; Jolly 2001; Detwiler et al. 2005; Arnold and Meyer 2006) . Among Afri ca's primates, natural hybridization appears to occur most often along the edges of the geographic ranges of parapatric subspecies of the same species, or of parapatric species of the same 'species group' (i.e., 'superspecies'). In some instances of 'allopatric hybridization' there is but occasional contact and hybrids are rare (Struhsaker 1970) , while in others De Jong and Butynski 2009; Zinner et al. 2009 ).
ated, broadly sympatric species that are behaviorally and eco logically distinct are far less often reported than are cases of given for 'sympatric hybridization' in the wild for African primates are Stuhlmann's blue monkey Cercopithecus mitis stuhlmanni × Cercopithecus ascanius schmidti hybrids in southwest Uganda (Struhsaker et al. 1988 ) and southwest Kenya (L. Tranter pers. comm.; D. Black pers. comm.), and Doggett's silver monkey Cercopithecus mitis doggetti × C. a. schmidti hybrids in northwest Tanzania (Detwiler 2002; Detwiler et al. 2005) . For African primates, we are aware of records for sym species pair combinations). These are as follows: three prob able gelada baboon Theropithecus gelada × olive baboon Papio anubis hybrids in the Bole Valley, Ethiopia (Dunbar and Dunbar 1974; Jolly et al. 1997) ; one presumed green monkey Chlorocebus sabaeus × western patas monkey Erythrocebus patas patas hybrid in Saloum Delta National Park, Senegal (Galat et al able mustached monkey Cercopithecus cephus × monkey Cercopithecus nictitans hybrid in Lopé Reserve, Gabon (Tutin 1999) ; two apparent Dent's monkey Cercopithecus denti × C. m. doggetti hybrids in Nyungwe National Park, southwest Rwanda (B. A. Kaplin pers. comm. in Detwiler et al. 2005) ; two mona monkey Cercopithecus mona × Cercopithecus pogonias pogonias hybrids at Indenau, Cameroon (Struhsaker 1970 ); one C. mona × Gray's crowned monkey Cercopithecus pogonias grayi hybrid at Tinaso, Cameroon (Struhsaker 1970) ; and two apparent Sclater's monkey Cercopithecus sclateri × bellied monkey Cercopithecus erythrogaster hybrids in the Niger Delta, Nigeria (Oates and Baker in press; J. F. Oates pers. comm.) . This paper describes three new cases of natural hybrid ization between broadly sympatric genera/species in Kenya, some of the circumstances under which these hybridizations occurred, and some of the behaviors of these hybrids. Finally, this paper suggests topics for research on the ecology, behav Fig. 1 ). Despite brief daily searches, De Jong encountered the hybrid only this once during four days (14-17 December).
Cercopithecus mitis albogularis
Based on the intermediate phenotypic characters of this adult male guenon (Table 1) , and the fact that only two species of guenon occur in the eastern half of Kenya (Kingdon 1971 (Kingdon , 1997 De Jong and Butynski 2009) , we believe that this indi vidual is a Sykes's monkey × vervet monkey hybrid (Fig. 2) . et al. (2003) for C. mitis and of Groves (2001) for C. pygerythrus (see below), this is a Cercopithecus mitis albogularis × Chlorocebus pygerythrus hilgerti hybrid.
On 7 October 2009, we visited Diani for 3 days to observe (7.5 h) and photograph the 'Diani hybrid', and to grounds of Leopard Beach Hotel, Leisure Lodge Hotel, Lei sure Lodge Beach and Golf Course, and The Sands at Nomad.
As best as we can determine, the Diani hybrid represents wild) between these two broadly sympatric species, and only hybrid (see above). Table 1 presents a detailed comparison of the phenotypic characters of the Diani hybrid, adult male C. m. albogularis (Fig. 3) , and adult male C. p. hilgerti (Fig. 4) at Diani. The phenotypic characters of the Diani hybrid are intermediate to the parent species in most respects, although the color of the face, neck collar, dorsum, back of the legs, sides, and tail appears to be slightly more like C. mitis, while body shape, and color of the iris, eyelids, shoulders, and ventrum appear to be slightly more like C. pygerythrus. The scrotum of the Diani hybrid is intermediate in size and color between C. mitis and C. pygerythrus. The muzzle of the Diani hybrid seems to be longer and more pointed than the muzzle of either C. mitis or C. pygerythrus. Interestingly, unlike either parent species, the Diani hybrid has a faint nose spot (recalling C. nictitans and members of the 'Cercopithecus cephus Additional photographs of the Diani hybrid, and of C. m. albogularis and C. p. hilgerti at Diani, can be viewed on the hybrid photographic map at: <www.wildsolutions.nl> (De Jong and Butynski 2010a) . In December 2008, the Diani hybrid was in association with two adult C. mitis, at least one of which was a male. The three animals moved over the grounds of the Leopard Beach Hotel feeding on human foods (including sugar in a ber 2009, the Diani hybrid was encountered with a group of at least 20 C. mitis on the grounds of the Leopard Beach Hotel and the neighboring Leisure Lodge. The group was scars. In October 2009, however, he had a fresh, deep, about his right elbow, and new scars on his face and chest (Fig. 2) . The two recent wounds caused him to limp on his left hind leg and right arm. During our observations the Diani hybrid frequently approached the group's resident adult male who always responded antagonistically. The resident male had a large fresh wound on the back of his right thigh (Fig. 3) . It is likely that the wounds on the Diani hybrid and on the group's Once, during our 7.5 h of observations, an adult female C. mitis presented herself to the Diani hybrid. Once, the Diani hybrid mounted an adult female but did not copulate. On at least three occasions, the Diani hybrid, while on the and chest in long strokes against tree branches (see below). The Diani hybrid once gave a 'pyow' loud call which was were presumably in response to a 'pyow' call produced by the group's resident adult male c. 20 m away. The 'pyow' is On at least one occasion, the Diani hybrid produced a 'boom', a loud call given in response to various kinds of disturbance reason (Lawes et al. in press ; T. Butynski pers. obs.). That calls is interesting since, among the primate species present in eastern Kenya, these load calls are only given by adult male C. mitis; none of these three calls is part of the vocal reper toire of C. pygerythrus (Gautier 1988; Gautier et al. 2002;  T. Butynski pers. obs.).
There is a second apparent C. m. albogularis × C. p. hilgerti hybrid at Diani. A photograph (Fig. 5 .) of this individual was presented by A. Hayes in a blog (6 August 2009, <colobus. wildlifedirect.org>) of The Colobus Trust (which has its head quarters in Diani). The hybrid in the photograph is a subadult (probably a female). We searched for this hybrid in October opinions of the staff of the Colobus Trust, this individual is similar in appearance to the adult male Diani hybrid. That is, it is phenotypically intermediate between C. m. albogularis and C. p. hilgerti.
In December 2010, The Colobus Trust conducted a pri mate survey at Diani. The adult male hybrid was encountered on the grounds of Leisure Lodge. He appeared to be alone and in good health. No other hybrids were found (A. Donaldson pers. comm.).
Cercopithecus mitis kolbi × Chlorocebus pygerythrus hilgerti Hybrid at Nairobi, Kenya
Ngong Forest Sanctuary (hereafter referred to as 'Ngong lower montane dry forest southwest of Nairobi city. Ngong Forest is connected in the southeast to Nairobi National Park. Five primate species occur in and near Ngong Forest; Kolb's monkey Cercopithecus mitis kolbi, C. p. hilgerti, P. anubis, Otolemur garnettii kikuyuensis, and Kenya lesser galago Galago senegalensis braccatus.
Kenya Wildlife Service rangers at Ngong Forest reported a 'different looking' guenon that they believed to be a C. mitis × C. pygerythrus hybrid. In August 2009, P. Kahumbu informed us about this suspected hybrid and provided a pho tograph of the individual. On 2 November 2009, we visited Ngong Forest and encountered a female hybrid ('Ngong hybrid') near the southeast entrance (Fig. 7) . The hybrid was Figure 3 . Adult male Zanzibar Sykes's monkey Cercopithecus mitis albogularis at Diani, south coast of Kenya. Note the absence of a greyish nose spot, the wound on the right thigh, and that the scrotum is small, dark grey, and not readily visible from behind. Photographs by Y. de Jong and T. Butynski. travelling in a group of C. mitis. The rangers are familiar with C. mitis as it spends much time foraging, resting and sleeping in the vicinity of the ranger's camp. The rangers said that an adult male C. pygerythrus Table 2 compares the phenotypic characters of the Ngong hybrid with those of C. m. kolbi (Fig. 8) , and C. p. hilgerti (Fig. 4) . The phenotypic characters of the Ngong hybrid are intermediate to the parent species in most respects, although the color of the nose, lips and eyes, the naked skin of the face, and body shape seem slightly closer to C. m. kolbi, while shoulders, ventrum, and inner limbs seem slightly more like C. p. hilgerti. Additional photographs of the Ngong hybrid, C. m. kolbi and C. p. hilgerti can be viewed on the hybrid photographic map at: < www.wildsolutions.nl > (De Jong and Butynski 2010a) . joined this C. mitis group about 3 years ago and that he is prob ably the father of the Ngong hybrid. The rangers observed the Ngong hybrid mating with a C. mitis male in September 2009 (S. Kamotho pers. comm.).
Based on the intermediate phenotypic characters of the Ngong hybrid (Table 2 ), the observations of the rangers, and the fact that there are only two species of guenon present in this region (Kingdon 1971 (Kingdon , 1997 ; Y. de Jong and T. Butynski pers. obs.), we believe that this individual is a Cercopithecus mitis kolbi × Chlorocebus pygerythrus hilgerti hybrid (Fig. 7) . ization between these sympatric subspecies, and only the sev enth record among Africa's primates of a wild intergeneric hybrid (see above). Erhart et al. 2005) . Furthermore, molecular data place the time of separation of these two clades at c. 8.1 mya (Tosi et al. 2005) . Some of Africa's most widely recognized genera of primate are estimated to have split from their common ances tor <6 mya (e.g., Homo and Pan), and some as recently as 3-4 mya (e.g., Cercocebus and Mandrillus; Papio, Lophocebus and Theropithecus; Jolly et al. 1997; Goodman et al. 1998; Groves 2001; Toshi 2003) . As such, here we apply the in press) in which the vervet is removed from Cercopithecus and placed in the resurrected genus Chlorocebus. Chlorocebus pygerythrus of the 'aethiops monkey Chlorocebus aethiops species group' (diploid chromosome number Romagno 2001) . Monkeys in this group are often referred to as 'savanna monkeys'.
Natural Cercopithecus mitis Hybrids
Cercopithecus mitis is known to hybridize with (broadly sympatric) C. a. schmidti at three widely spaced sites in southwest Uganda (Budongo Forest Reserve, Itwara Forest Reserve, and Kibale National Park; Struhsaker et al. 1988) , in northwest Tanzania (Gombe National Park; Detwiler 2002; Detwiler et al. 2005) , and in southwest Kenya (Masai Mara National Reserve; L. Tranter pers. comm.; D. Black pers. comm.). While these hybrids are rare at the three Uganda sites (Struhsaker et al. 1988) and in the Masai Mara, they are common at Gombe, comprising c. 18% of the combined pop ulation of C. mitis and C. ascanius (Detwiler 2002; Detwiler et al. 2005) . The only other species reported to hybridize with C. mitis is C. denti in Nyungwe National Park, southwest Rwanda (B. A. Kaplin pers. comm. in Detwiler et al. 2005) .
Are the 'Blond Monkeys' of Cape Vidal, South Africa, Hybrids?
Mike L. Lawes (pers. comm.) observed no fewer than four 'blond monkeys' living in at least three groups of samango monkeys Cercopithecus mitis erythrarchus at Cape Vidal, east South Africa (28.0667°S; 32.5333°E; Fig. 9 ). These four monkeys appear to be C. m. erythrarchus to blond, the skin is pinkish (as seen where the skin is bare, chin and digits), and the scrotum is blue and small. Cercopithecus m. erythrarchus and the southern vervet Chlorocebus pygerythrus pygerythrus are the only two species of guenon in southern Africa and both are common at Cape Vital. As such, and perhaps mostly because these blond monkeys have a blue scrotum, there has been some suggestion that they are hybrids. Overall, however, these blond monkeys look very different from the three apparent C. mitis × C. pygerythrus hybrids that we observed at Diani and Nairobi. If these blond monkeys are C. mitis × C. pygerythrus that the scrotum would be intermediate in size. Instead, the scrotum is small, as for C. mitis. We, therefore, suggest that these blond monkeys represent erythristic or partial albino C. mitis, and that the blue scrotum is one effect of erythrism or partial albinism in this species.
Natural Chlorocebus pygerythrus Hybrids
The only previously reported cases of C. pygerythrus hybrids in the wild are with other members of the C. aethiops species group. Chlorocebus pygerythrus commonly hybrid izes with (parapatric) C. aethiops over much of the southern Dandelot and Prévost 1972; Lernould 1988; Butynski and Kingdon in press) and with (parapatric) tantalus monkeys Chlorocebus tantalus over the southern half of Uganda (Kingdon 1971 ).
Captive-bred Cercopithecus mitis and Chlorocebus pygerythrus Hybrids

C. mitis and C. mona
Cercopithecus petaurista, DeBrazza's monkey Cercopithecus neglectus, C. sabaeus, C. aethiops, C. ascanius Cercocebus torquatus (Gray 1972; Lernould 1988; Erhart et al. 2005 ; Y. de Jong and T. Butynski pers. obs.). Erhart et al. C. mitis × C. pygerythrus hybrids, but these are probably C. mitis × C. tantalus hybrids (T. Rowell pers. comm.).
Chlorocebus pygerythrus is known to produce hybrids in captivity with C. sabaeus, C. aethiops, toque macaque Macaca sinica, bonnet macaque Macaca radiata eating macaque Macaca fascicularis (Gray 1972; Lernould 1988) .
Intergeneric Sympatric Hybridization
With the discovery of the Cercopithecus mitis × Chlorocebus pygerythrus hybrids in Kenya, three of the seven spe cies pair combinations for sympatric hybridization among A number of cases of sympatric hybridization are known for the edges of the range of one or both of the parental species of the species (Jolly et al. 1997; Jolly 2001; Detwiler 2002; Detwiler et al. 2005) . In these cases, hybridization is seen as are scarce or absent. This appears to be the situation for the C. mitis × C. ascanius hybrids at Ngogo, Kibale Forest National Park (Struhsaker et al. 1988) , where C. mitis is at the edge of its range, at very low density, adult females are uncommon, and solitary adult males are relatively abundant (Butynski 1990 ). This is not, however, the situation at Diani or Nairobi, where C. mitis and C. pygerythrus are both common. Our data from Diani are too few for calculating densities, but we would be surprised if either species were present at a density of <60 C. mitis or C. pygerythrus in the Ngong Forest area, but both species are common; C. mitis in the forest and C. pygerythrus in the residential areas around the forest and in the contiguous Nai robi National Park.
Cercopithecus mitis and C. pygerythrus occur through predominant vegetation types) of East Africa (Kingdon 1971 (Kingdon , 1997 Butynski 2009, 2010b) . Cercopithecus mitis is a species of forests and dense woodlands, whereas C. pygerythrus is a species of forest edge, woodlands and vast mosaic means that these two species meet frequently. Nonetheless, while C. mitis and C. pygerythrus 'associate' at Ficus spp. with ripe fruit), these associations are usu ally localized, brief, and appear to be by chance. Groups of C. mitis and C. pygerythrus have not been observed to move that young juvenile C. pygerythrus integrated into C. mitis groups and probably grow up in them. In about 2001, L. A. Depew (pers. comm.) observed an appar ent orphan C. pygerythrus (c. 6 months of age) in a C. mitis group at Bamburi (south coast of Kenya). This individual was in the C. mitis group for at least 5 months, at which time Depew moved from the area and observations ceased. It may cially for immature individuals, serves to reduce the behav and fragmentation, notably through farming, logging, estab lishment of settlements, construction of roads, and tourism (Anderson et al past. This means that the area of habitat that C. mitis and C. pygerythrus share has increased greatly in historic times. In addition, C. mitis and C. pygerythrus come together par ticularly frequently at human residences and tourist facilities food is often relatively abundant at all times of the year (for tables, in garbage bins and pits, and around lights that attract insects at night). Here there is also often water to drink, large trees in which to sleep, few predators, and relatively little harassment by people. Under these circumstances, C. mitis and C. pygerythrus may drastically change their foraging behavior as they 'hang around' in a relatively safe anthro new habitat, C. mitis and C. pygerythrus probably spend habitats, become more 'familiar', and likely have more time C. mitis and C. pygerythrus have weakened due to anthropogenic hybrids and Ngong hybrid, broken.
Scent-marking Behaviour in the Diani Hybrid and Other Guenons
During our 7.5 h of observation, the Diani hybrid was chest against tree branches in long, gentle strokes for about 30-60 seconds.
C. pygerythrus . Gartlan and Brain C. pygerythrus on Lolui Island, Uganda, and described it as territorial behavior. Lynne Isbell (pers. comm.), P. Lee (pers. comm.), and T. T. Struh C. pygerythrus C. m. stuhlmanni by T. Butynski (pers. obs.) during >3,000 h marking by C. pygerythrus is that of Gartlan and Brain (1968) C. mitis.
has been reported are C. neglectus Cercopithecus hamlyni (captive), C. sabaeus, and Allen's swamp monkey Allenopithecus nigroviridis (Gautier and Gautier et al. 1999; Gautier et al. 2002; Hart et al trial species. C. neglectus olfactory marking is associated with a number of traits; (1) low development of visual and vocal signaling, (2) small group size, (3) cryptic behavior, and (4) small home ranges. None of these traits applies to C. pygerythrus. Loireau ecological correlates can be found among species which dis play olfactory markings'.
Diani Hybrid Attempting to Assume the Resident Adult Male Position
hybrid in December 2008, he was in association with two adult C. mitis, of which at least one was a male. At that time the Diani hybrid was a subadult or young adult. When observed in October 2009, the Diani hybrid was fully adult and in a C. mitis. At that time he was attempting to usurp the group's resident male. The behaviors observed resident adult male Cercopithecus is attempting to replace the Macleod et al. 2002) . The Diani hybrid was (1) constantly (2) the resident male aggressively threatened and chased the Diani hybrid; (3) the Diani hybrid mounted an adult female; and (4) both males showed fresh (severe) wounds and scars a period of at least some weeks). What was atypical about (2) produced 'pyow' and 'boom' calls -two vocalizations that (among Kenya's primate species) are given only by adult male C. mitis (T. Butynski pers. obs. 
Hybrids and the Common Ancestor to Cercopithecus and Chlorocebus
Might hybrids provide clues as to the appearance, behav ior, ecology and environment of the common ancestor, both at the species and genus levels? It is interesting, if not insightful, in both parent species and in one of the parent genera. Might c. 8.1 mya) ances tor to Cercopithecus and Chlorocebus? Did that common in several Cercopithecus species and in the terrestrial east ern patas monkey Erythrocebus patas pyrrhonotus but absent in Chlorocebus? Did that common ancestor practice active species of guenon but in none of the arboreal species?
That the Diani hybrid has the capacity to utter 'boom' and 'pyow' calls is surprising, given that these two loud calls likely play roles in group cohesion and reproductive isola tion (Struhsaker 1970; Gautier 1988) . Both the 'boom' and cies in the Cercopithecus nictitans species group (C. nictitans and C. mitis) and, hence, likely has important phylogenetic implications. It is, therefore, of interest that an intergeneric hybrid has the ability to utter a loud call that is believed to to be determined, but this might suggest that both the 'boom' and the 'pyow' are primitive calls that were present in the vocal repertoire of the common ancestor to Cercopithecus and Chlorocebus.
Research Questions and Recommendations
The three cases of intergeneric hybrids described here raise many questions related to hybridization. What are the conditions under which the usual mechanisms for repro ductive isolation break down and allow hybridization? Is hybridization a viable reproductive strategy under some cir cumstances? What are the advantages and disadvantages of hybridization to the parents of the hybrid? What is the role of hybridization in evolution, especially in speciation (Barton 2001) ? What can the study of hybrids tell us about phyloge and habitat of the common ancestor? How do anthropogenic environments affect rates of hybridization? What are the implications of 'anthropogenic hybridization' for the conser vation of primate diversity (Allendorf et al. 2001; Jolly 2001; Detwiler et al. 2005) ? The presence of these three apparent intergeneric hybrids also leads to questions related to cerco above questions would be shed by comparative research on these three hybrids and their parental species. As such, here are a few recommendations for future research:
1. Produce a detailed description of the phenotypic charac ters of the Ngong hybrid, its behavior and its ecology. Figure 5 , and to Mike Lawes and Cathi Lehn for their comments and for the photographs in Figure 9 .
